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Relationship of Dietary lodide and Drinking
Water Disinfectants to Thyroid Function in

Experimental Animals
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Holdsworth*

The importance of dietary iodide on the reported hypothyroid effect of drinking water disinfectants on
thyroid function was investigated. Previous studies have also showed differences in the relative sensitivity
of pigeons and rabbits to chlorinated water. Pigeons and rabbits were exposed for 3 months to diets
containing high (950 ppb) or low (300 ppb) levels of iodide and to drinking water containing two levels of
chlorine. Results showed that the high-iodide diet prevented the hypothyroid effect observed in pigeons
given the low-iodide diet and chlorinated drinking water. Stmilar trends were observed in rabbiis exposed
to the same treatment; however, significant hypothyroid effects were not observed in this animal model.

The factor associated with the observed effect of dietary iodide on the chlorine-induced change in thyroid
function is unknown, as is the relative sensitivity of rabbits and pigeons to the effect of chlorine. Several
factors may explain the importance of dietary iodide and the relative sensitivity of these species. For
example, the iodine formed by the known reaction of chlorine with iodide could result in a decrease in
the plasma level of iodide because of the relative absorption rates of iodide and iodine in the intestinal
tract, and the various types and concentrations of chloroorganics (metaholites) formed in the diet following
the exposure of various dietary constituents to chlorine could affect the thyroid function. The former
factor was investigated in the present studies. Results do not confirm a consistent, significant reduction
in the plasma level of iodide in rabbits and pigeons exposed to chlorinated water and the low-iodide diet.

The latter factor is being investigated.

Introduction

Several investigators have observed hypothyroidism
in experimental animals exposed to drinking water con-
taining the disinfectant chlorine (pH 8.5), chlorine diox-
ide, or monochloramine (7, 2). The concentration of the
disinfectant used in one study to produce the hypothy-
roid effect in pigeons (white Carneau} was within the
range observed in some municipal drinking water sup-
plies (2). The latter study (2) suggests that drinking
water disinfectants may pose a human health problem.
However, the hypothyroid effect reported in pigeons
was hot observed in rabbits exposed to these three
drinking water disinfectants at similar concentrations.
The factors associated with the relative thyroid sensi-
tivity of these animal models to the disinfectants is pres-
ently unknown. The level of iodide in the diets fed to
the pigeons and rabbits may explain these differences.
For example, the level of iodide in the pigeon feed was
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300 ppb, whereas iodide levels of 950 ppb were mea-
sured in the rabbit feed. It is well documented that
chlorine will oxidize iodide to molecular iodine (2}, which
can react with organic matter and give rise to iodoor-
ganic compounds (4). The formation of these compounds
may reduce iodide in the intestinal tract and thereby
reduce the intestinal absorption and plasma level of ic-
dide. A decrease in the level of plasma iodide can pro-
mote hypothyroidism. Thus an inerease in the dietary
level of iodide may prevent the hypothyroid effect ob-
served in pigeons exposed to relatively low levels of
iodide.

To determine the importance of dietary iodide on thy-
roid function, rabbits and pigeons were exposed to the
disinfectant chlorine and diets containing relatively high
(950 ppb) and low (300 ppb) levels of iodide. At 1-month
intervals for 3 months, the plasma levels of cholesterol,
3',56',3,5-tetraiodothyronine (T,), and free and bound
iodine were measured. Cholesterol was determined in
these studies because hypercholesterolemia is fre-
quently observed in patients with hypothyreidism.
Also, previous studies have shown increases in plasma
cholesterol in pigeons receiving chlorinated drinking
water.
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Table 3. Effect of chlorinated drinking water and dietary iodine on plasma cholesterol, T,, and iodine in pigeons exposed for three

months.?
Control Chlorine Chlorine
{deionized water) {15 ppm, pH 6.5} {15 ppm, pH 8.5}
Plasma level Diet, Zero time 3 months Zero time 3 months Zero time 3 months
Cholesterol, mg/dL Low iodide 250 = 12 246 + 14 244 + 21 295 + 10 197 = 17 281 + 19
High iodide 283 + 31 78 + 27 312 = 19 310 = 27 262 = 17 281 + 18
Ty, (ngfdL) Low iodide 2.8% = 015 260 = 041 248 = 023 180 + 0.23 251 = 0.34 1307 = 015
High indide 276 + 038 290 + 0.29 276 = 0,90 280 * 0.38 287 = .18 3.34 + 0.36
Todine, pg/dL
Free Low iodide 0.97 = 0.18 1.29 + (.62 1.86 = 0.60
High iodide 1.83 = 0.13 2.06 = 0.31 3.94 + 0.83%
Bound Low iodide 4.67 = 0.88 3.04 = 1.54 3.27 + 0.33
High iodide 3.46 + 0.38 5.06 = 0.79 3.46 = 0.29
Total Low iodide 5.59 6.35 5.13
High iodide 5.39 5.09 7.40

“Mean = SEM for four te five animals per experimental group. p < 0.05 and p < 0.01 were calculated by comparing within each treatment
group the zero-time and 3-month values (i.e., plasma cholesterol and T,) or by comparing the controls and experimental groups at 3 months

of exposure (i.e., plasma iodine).
*p < 0.05.
tp < 0.01.

were not significant. The only significant change ob-
served for plasma iodine was an inerease in the level of
free iodine in the group receiving diet B and chlorinated
water at pH 8.5.

The results thus far suggest that dietary iodide in the
pigeon may alter the effect of chlorine on the thyroid
function. In an attempt to explain this observation, the
effect of chlorine (pH 6.5 and 8.5) and two other com-
monly used disinfectants (chlorine dioxide and mono-
chloramine) on the release of bound iodide from diet was
investigated. It has been suggested that iodide is ab-
sorbed through the intestinal tract at twice the rate of
iodine. Chlorine is known to react chemically with io-
dide, giving rise to iodine, and is alse thought to react
with iodoorganics, giving rise to a chloroorganic and
iodine. The reaction of chiorine with free and bound
iodide may increase the dietary level of iodine and thus
reduce the relative absorption of iodide with a subse-
quent change in thyroid function. Results shown in Ta-
ble 4 suggest that these disinfectants, when added to
the diet, reduce the level of bound iodide. Significant
changes in bound iodide were not observed when the
relative level of iodide was high in both the pigeon and
rabbit diets. The greatest change was observed in the
pigeon diet at low and high iodide levels when chlorine
{pH 8.5), chlorine dioxide, or monochloramine was
added at a concentration of 15 ppm. In the high-iodide
rabbit diet, the addition of 2 ppm resulted in higher
levels of bound iodide.

Discussion

The effect of dietary iodide and drinking water dis-
infectants on thyroid function of rabbits and pigeons
was investigated. It was apparent that dietary iodide
in the pigeon influenced the effect of chlorinated water
on thyroid function. Pigeons given the low-iodide diet
and chlorinated water exhibited significant changes in
plasma cholesterol and T,. However, significant changes

Table 4. Effects of drinking water disinfectants on hound iodine
in diets of pigeons and rabbits.®

Treatment Low icdide diet, pg’kg  High-iodide diet, pg/kg
group Pigeons Rabbits Pigeons Rabbits
Controls 146 = 18 176 = 20 218 = 29 272 = 30
Chlorine (pH 6.5)

2 ppm 133 = 15 141 = 18 238 = 40 327 = 24

15 ppm 101 = 8 107 = 24 231 = 2B 243 + 38
Chlorine (pH 8.5}

2 ppm 131 = 18 134 =+ 19 197 = 15 291 =+ 27

15 ppm 92 = 7 110 + 28 181 = 17 240 + 33
Chlorine dioxide

2 ppm 143 = 156 126 = 10 202 = 19 292 = 35

15 ppm 91 = 9% 82 + 13t 185 = 17T 247 = 17
Monochloramine

2 ppm 110 = 156 148 = 22 195 = 16 321 = 39

15 ppm 64 = 0¥ 119 = 13 191 = 19 325 + 26

*Mean *+ SEM of two experiments per diet and per coneentration
of disinfectant. The ingredients in the low- and high-iodide diets are
shown in Table 1. The procedure for measuring bound iodine and the
effect of these disinfectants on the release of bound iodine are dis-
cussed in the Materials and Methods section. The concentrations of
total iodine in the low- and high-iodide diets were 305 *+ 29 and
956 = 100 and 288 = 36 and 985 + 93, for pigeons and rabbits,
respectively.

*p < 0.05.

Tp < 0.01

in these plasma constituents were not observed in pi-
geons fed the high-iodide diet and chlorinated water.
In rabbits exposed to the low-iodide diet and chlorinated
water, insignificant changes were observed for plasma
cholesterol, T,, and bound iodine. However, we did ob-
serve that high dietary iodide in rabbits prevented the
small changes observed in the low-iodide group exposed
to the chlorinated water, which suggests that statistical
significance may be achieved with a larger number of
experimental animals.

The results of these studies suggest that chlorinated
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water may induce hypothyroidism in pigeons as evi-
denced by significant changes in plasma T, and choles-
terol. The plasma concentration of cholesterol is signif-
icantly elevated in clinical hypothyroidism and generally
bears a reciprocal relationship to the level of thyroid
activity (72—-14). However, the existence of similar re-
ciprocal relationships in pigeons remains to be estab-
lished. Nevertheless, we observed in previous (15, 16)
and the present studies that a correlation exists be-
tween plasma cholesterol and thyroid activity. Fur-
thermore, present studies suggest that dietary iodine
may alter the effect of chlorine on both plasma choles-
terol and T,.

The relationship of chlorine to thyroid activity is not
known, However, the fact that relatively high dietary
levels of iodine prevented the significant effect of chlo-
rine on plasma cholesterol and T, suggests that this
disinfectant may affect iodine metabolism when the di-
etary level of iodide is relatively low. It has been shown
that chlorine reacts with iodide, giving rise to iodine,
an active oxidizing species (17, 18). Iodine in the pres-
ence of organic matter would be expected to react and
give rise to iodoorganics. Chlorine is also thought to
react with iodoorganics, affecting the release of iodide
and possibly the substitution of chlorine at the iodide-
vacated gite. A decrease in the level of dietary iodine
could reduce the plasma level of iodide and thus the
activity of the thyroid because iodide is absorbed
through the intestinal tract at a rate greater than that
of iodine. In an attempt to determine the validity of this
assumption, the effect of drinking water disinfectants
on the release of bound iodide in the rabbit and pigeon
diet was investigated. Results showed that these dis-
infectants reduce the level of bound iodide in the diet,
the magnitude depending on the concentration of the
disinfectant and the dietary level of iodide. For exam-
ple, a significant decrease in the level of bound iodide
was observed when the concentration of the disinfectant
was increased from 2 to 15 ppm. However, this effect
was only observed when the low-iodide diet was used,
which suggests that the dietary level of iodide may in-
fluence the effect of these disinfectants on the release
of bound iodide in the diet.

These in vitro studies suggest that these disinfectants
reduce the level of bound iodide in the diet. If these
effects oceur in vivo, the dietary levels of iodide may
be reduced to a level that significantly affects plasma
iodide. Significant decreases in plasma iodide (i.e., both
free and bound) in pigeons were not observed following
the exposure to the chlorinated water. Thus it appears
that although these disinfectants may affect the dietary
level of bound iodide, they do not seem to significantly
alter plasma iodide levels,

Other factors that may explain the observed hypo-
thyroid effect of these disinfectants include hypothyroid
induction by chloroorganics. Several investigators have
shown that chlorvorganies are formed when various
feeds are mixed with chlorine (19, 20). Formation of
these compounds may vary with the dietary constitu-
ents. Thus, differences in formation rates and species

of chloroorganic compounds in the intestinal tract may
explain the difference in sensitivity of rabbits and pi-
geons to chlorinated water. Studies are in progress to
determine if ehioroorganics are formed in diets mixed
with chlorine and if the formed chloroorganics affect the
thyroid function.

This work was funded by the U.S. Environmental Protection
Agency under contract No. 68-03-3201. The information contained
herein has been subjected to the Agency’s required peer and admin-
istrative reviews and has been approved for publication. The contents
reflect the views and policies of the Agency. Mention of brand names
or products does not imply endorsement or recommendation for use
by the Agency.
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